PROFESSOR R A.FESSENDEN /N HAS LABORATORY] .{‘ i:
ELECTRICAL /CE DETECTOR SHOWNATLEFT. { I \ \

BOUT the middle of December,
1014, there returned from
abroad an American inventor,

Prof. R. A. Fessenden, who reported
to his associates in the Submarine
Signal Company of Boston, Mass,
that onc of the great linropean pow-
crs (I am not at liberty to say which
ane), aiter thorough tests, had de-
equip several of its battle-
th the Fessenden electric os-
an instrument that promises
change the conditions of naval
wartare, cspecially the rclations of
battleships and submarines.

ile announced, furthermore, that
another great power was in active ne-
gotiation this American
tinn, the niractical valus of which wall
prabably be demonstrated with start-
t in one of the not-distant

culed to
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will electric oscilla-

th

tor bie of nhtitense maportance in timse
of war, but it bids fair to render still
creater service in time. of peace by
nuring ships agamst collisions  at

. either with ene another or with

Recenl tests by the [npited
Aam demon-
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venue culice
Ivis latter point in 2 memor-
g through the iceberg re
: banks of Newioundland,
e the month of April, 1914,

A Water Wireless.
v nply, this Feszenden
sounding

‘-l::".l]h.

¢ throngh the
0 . the=e ~ig-
iy than '.'Ht_'.
It through 1l air, sinee sound
e~ through water at the rate of
o feet a second, while through the
t rs at the rate of only 1,100

L L alll
X men know the un-
priis of  sound  warnings
il ! the &ir from  steamn
les, or steam sirens.  These
roing rc often unheard even at a
\ <hart distance, say one mile or
i uwh to adverse wind condi-
1 ~, wr to disconcerting “holes in
the air,” or to unfavorable reflec-
15 or shippings of the sound from
'« snrface Far tlas reison
e bells have for vears been
v-odd with excellent results on light-
Lips and buoys, and to some extent

i ng their warnings
ne transmitted for miles through

A ("-n“i

water.
In fact, it was in trying to extend
usefulness o1 these submarine
Lells, especially in connection with
Lips, that D'rof. Fessenden evolved
s present electric oscillator, and

alved the whale problem of protect
vessels from collisions ut sea
blie wvstem of submarine signaling
My a kind of water wireless,
destined, perhaps, to as important a
develonment as the aerial wireless,
A Modern Wonder Worker.
weeks stro in Roston I had
with P'rot. Fessenden about
iis invention at the factory of the
Sphmarine Signal Company, a grinn
and  resounding  establishment,
jurthplace of submarine bells, =score
of which are now clanging forth thei
warnings under the sca, electrically
or pneumatically, on buovs or light-
<hips spaced along the perilous ocean
1|'1||g6: of many lands, .
| found the protessor in a labora-
rvory roam filled with strange appara
ttis, eclectrical instruments, a model
oi his improved iceherg detector, and

re;
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various other indications of an in-
ventive mind., o v
All his life I'rof. Fessenden has

been an active explorer in new fields
of knowledge. For vears he was as-
cociated with Thomas A. Edison. He
was one of the piomeers in wireless
telegraphy, and his system of wire-
Jrss transmission is used n the great
Arlington towers at Washington,

(. Also his system of electric power
transmission was used by the Cana-
dian government in distributing the
energy of Niagara Falls through the
Province of Ontario. For years he
was professor of electricity and
physies at the University of Pitts-
burgh. 1 have never met a man more
keenly interested in more different
kinds of things.

A Warning Voice.

In one corner of the factory, in a
fenced-off space, we came to the new-
born oscillator, a smallish’ metal af-
iair, no bigger than a sewing ma-
chine, with many copper “parts for
the electrical connections and a
drumhead af solid steel, twenty-two
inches in diameter and hve-eighths of
4n inch thick, that vibrates aston-
ishingly under the electric current
and gives forth a sound of terrifying
loudness. .

“\W\ ould you like to hear it?" asked
the professor. Then turning to an
assistant, “Are you ready?”

ile switched on a buzzing genera-
tor, adjusted a rheostat, pressed a

| while they are miles away and sub-

black kev, whereupon—"Whoo-oop!"|
the thing barked at us suddenly like
an angry calliope, and the tone per-
sisted as long as the key was held
down. A shift of the rheostat handle
brought 2a current of greater fire-
quency and the tone rosc 1o a puer-
cing shriek,

Anotiier turn and the shriek was
deafening. Louwder  and  shriller
screamed the quivering driombead as
the scientist manipulated the rheostat
handle 1n the manner of 4 motorinan
speeding up lis trolley car. The
whele {actory resounded. | covered
my ears and waved for mercy.

“But it will be unendurable on a
ship, a thing like that, sonnding all
the time,” 1 said,

The invenlor ook  his  liead.
“*When vou hear the oscillitor sonnd-
on a vessel "von will scarcely
notwee it Here we are right at the
sotiree of the sound, but on a shin
woillator 1s deep down in the
wl 12 cubmerged in water. You

In Naval Warfare.
Praof. Fessenden then showed mie a
steel tanl, ke a log bathtab,
ends made of «teel plates, such
are used i hattle=hip=.  Expen-
ents have been made witly ths tank
filledd with watter and the woscillator
welded to one end, <o (hat the vibra-

tions pass through the liguid
“When we sound the oscillator in
i< way,” he said, “the water in the
is thrown into a state of extra-
mary agitation, so much =o that
vou dipped your hand in during
experiment it would be hurled

a4

ut violently and painfully, 1 scarce-
Iy know whether tlns shock 15 phy-
sical or cleetrical. It 15 due to the

fuct that under the rapid and power-
‘il imipact of the vibrating end plate
e mass  of liquid 15 hiterally
wezed together about a thon-
ndth of an inch for each vibration,
arnd  then torn apart.  One thou-
sandth of an inch 1§ an enormous
amount when yon reflect that water
practically incompressible. It is|
almmost as if the atomic structure of

the water had been twisted or dis-
torted.”
“\Would these vibrations be trans-

mitted through the water to a consid-
crable distance®" 1 asked.

“To a verv considerable distance.
\We have already ceceived them at a
distance of thirty-two miles, but that
is= only a beginning—like the first
wireless mrssage sent across the
lIinglish Channel, which sermed won-
dertul fifteen vears ago, but is noth-
ing today.”

“a vou think it will he possihle to
transtt these water vibrations over,
a hundred mmiles?”

“I have no doubt of it, perhaps
zeveral hundred miles, with larger
ascillators and more poweriul eur-
rents.”

“And vou will Le able to send mes-
in this way through the =-..ltcri
with no wires or cables?”

“Fxactlv. It is simply a matter of |
making the oscillator toot ont dots|
#nd da<hes according to the code
Now, vou see the importance of these
necitlators in naval warfare, for a
hattleship equipped with such instru-
ments can talk to its own submarines
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merged and can actually direct their
movements against an enemy’s ves-
sels.”

A Revolutionary Development.

“Without the submarines being
oliliged to come to the surface?”

“They need not come up until just
before launhing their torpedoes, say
at a distance of a thousand wvards
from the vessel they wish to attack.
Then they will enly show their peri-
scopes for a few seconds while they
make final observations.”

“And then launch their torpedoes:™

“Yes"

“It's a revolutionary development
st

“You are not the first one to ex-
wess that_opinion,” smiled the pro-
Il’.’.‘:“:of. “Some big authorities think
it will change our whole naval
strategy.”’

“But this has never been actually
accompleshed, has it, the control of
S;I!Jl'l_ll.‘rgf.‘d submarines from a battle-
ship®”

“Not yet, but it soon will be ac-
complished. We have already put
oscillators on several American bat-
tleships, on the Wyoming, the Dela-|
ware, the Utah, the Flonda, and on
four of the United States submarines
—the D-1 and D-2, the K-1 and K-2—
and we are now installing them on
battleships of a great foreign power.”

1 asked about the method of listen-
ing at a distance to these water wire-
less signals, and Prof. Fessenden ex-
plained that thi may be done in a
temporary way with the help of a
microphone lowered, for instance,
from a li<htship, or from a vessel at
anchor. This microphone is connect-
ed with an ordinary telephone head-
picce, through which a listener on
the deck may hear signals sent
through the water by an oscillator
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PEAK OF THE COAL BARG,
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“Ae a permanent listening :n-r.ms:r—1
nient,” continued the inventor, “we|
nse the oscillator itscli, which is real-
Iv a kind of telephone, I'll show von
wiat | mean.  Suppose say ]
something, anything von please, 1o !
this stecl diaphragm after 1 I:..-.c:
gone out.” i I

A Satisfactory Test. |
. . , . 1

With this the professor went into ]

another room, and

I recited, “Mary |
had a hitrde lamb" to the oscillator|

and then counted slowly up to nine.
Whereupon 1| heard the in-.rtm'-r'sl
voice issuing distinctly from the dick|
of steel and repeating word for word |
what 1 had said. |
Standing in the next room, he lad |
heard my remarks to the steel dia-|
phragm through a telephone connec-!
tion, and had spoken back to me by
this telephone.  In other words, the|
minute vibrations of my veice and
of his voice had been sutficient to set,
that thick metal plate quivering
that audible words were tranmmltnll
through it in ecither direction,
“So vou see,” resumed the proies-|
sor on his return, “a vessel equipped

vou
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with a set of oscillators may use|“Thar isx true jor dreadnaughts not
them hoth for sending and for e~ equipped  with  oscillators, but  for
ceiving.” others that are able ta listen with

“Docs a vessel need more than one | clectrical cars, the submarine be-
oscillator =" comes far less formidable. The os-

“Yes, it needs two, like two ears,
one on cither side, which allows it 1o
fix the direction from which a signal
comes, This is done by a delicate in-
strument that takes account of dii-
ferences in the intensity of a given
signal as heard by the two electrical |
cars, one of which, on the more fa
vorable side, hears the signal more
distinetly than the other. A =hip's
officer has only to adjust this instru-
ment and then read off on a dial the
exact point of the compass from
which the signal comes.”

“Then a battleship, as it receives
water wireless signals from one of
its own submerged submarines, could
tell in what direction that submarine
lay "

“Within a few degrees, ves. 1In
such experiments our errors in fix-
ing the direction have not usuvally
cxceeded half a point of the com-
pass.”

“How about the distance of a =sub-
merged submarine from a battleship
—could the battleship tell thal®”

“Yes, approximately, by the inten-
sity of the sound received, for, of
course, the oscillator's  loudness
grows less as the distance increases.
There will be a distance indicator
with a dial graduated in thousands of
vards, and an officer will read off
these distance indications just as he
notes the points of the compass. Be-
sides this, a battleship will get pre-
cise information from the submarine
herself—1 mean a friendly submarine
—by talking with her in code, by
asking questions as to her speed, di-
rection, distance below the surface,
etc.”

Safety for Battleships.

From all of this it is plain that a
battleship which can thus control the
movements of submerged submarines
has an enormous advantage over the
ships of an enemy. A single cruser,
aided by halfi a dozen deadly craft,
steaming far below the surface and
able to maneuver safely on the lower
levels, at the bidding of the mother
ship, might easily wipe out a whole
squadron of drcadnaughts un{)gotecl-
ed against this new danger. With os-
cillators aboard, a battleship becomes
an eye to see, a brain to guide, while
the submarines, moving, sightless,
through the deep, black waters, are
arms that strike anéd destroy un-
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| "1t leaves the dreadnaught practi-|
callv helpless?” .
The professor shook his  head.
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EXTERIOR. VIEW OF THE ELECTRICAL EAR, 3=

erringly according to orders from
:ll""-l".
“"Your invention

rors of the submarine?’ |

increases the ter-
continued,

cillator makes it possible for a ship's
officcr to hear the propeller move-
nients of an enemy’s submarine while

it 15 miles away. With our existing
apparatus we can detect such pro-
peller sounds ot a distance of two

miles, and we have a sound amplify-
ing deviee that will extend this dis-
tance to five miles or more.”

“Doss that mean safety for battle- |
<hips from submarine attack?” |

“A pgreat measnre of safety, ves,” |

“Then those three British cruisers|
that were sunk by German subma-|
rines could have escaped if they had
carricd these listening oscillators?”

“1'nquestionably.”

“What would they have done?”

"As soon as they heard the pro-
pelior noises of the attacking subma- |
rines, which would have been some|
time before the German torpedocs
were launched, they would havel
changed their courses and gone!
ahead at full speed. That would have
bafiled the enemy, for submarines are
slow-going craft and only dangerous |
when their presence is not suspected.
It i~ even possible that the British|
cruisers, knowing by dial indications
the approximate distance and direc-|
tion of the submerged German ves-|
sels, could have destroyed them by
launching torpedoe. of their own.”

A Convincing Experiment. H

An illustration of the fact that the|
propeller and cngine sounds of a|
submerged submarine may be detect-|
ed by a distant vessel running along
the ocean surface was furnished sev-
eral wears ago when the Submarine
Signal Company actually demon-
strated the thing in Newport harbor
at the request of a United States
naval officer.

“Do you mean to tell me,” asked
the increduious officer, “that if one
of our submarines submerges and|
runs back and forth out of sight on!
the lower levels, you can hear her
in a vebsel at the surface and follow
her by mecans of your listening ap-
paratus:?”

“Certainly we can,” said the signal
man. “wo ahead and sink your sub-
marine. ['ll show you.”

So they made the test, and for
gome time a swift launch equipped
with water wireless microphones cir-
cled and ;iguigcd about Newport
harbor guided by sounds from the

|

depths picked up and magnified by!answer flashed out of the turmoil in

the electrical ears.

“You're wrong! You've lost her,”
deciared the officer presently. “The
submarine 15 nowhere near here. 1
know the course she was to take,”

The signal man insisted he was
right, hawever, and a little later the
submarine came to the surface at the
very spot indicated by the listening
apparatus. The officer was mistaken
—and convinced.

I asked where the
lators are placed on
learned that this point gs
forward of anndsinps and three
four fathoms noder water, the exact
lacation depending upon the lines of
the hull | cxample, in the case
of the United States Utah oscillators
were placed aliont halt way between
the how and amulships and about
twentyv-three fect below the water
line. The deeper
in the water, the better is the sound
transmis<ion, simce there less in-
terference from surface disturbances.

Some Earlier Tests.

Before coming to some remarkable
tesis the Fessenden  oscillator
made by the United States navy in
the sununer of 1913 on two of its sub-
marines, it may be weil to mention
other tests during the preceding
vears, which show the difficulties
and disappointments that often at-
tend the development of a great in-
vention.

The summer of 1913 found all go-

clectrical oscil-
\l':\?il.‘l, and
sotnewhat

1=

of

|

|

ments and it was decided to try the!

oscillator practically on a large ves-|

sel.  Arrangements were according-
Iy made with the United States navy
anthorities, and oscllators were
placed aboard the battleships Dela-
ware and Wyoming, and extensive
tests were made in August and Sep-
tember during the Fisher's
MmMmancuvers, .
Later in the same vear oscillators
were placed aboard the submarines
-1 and D-2, and tests were made at
Hampton Roads off the Virginia
capes. Much time and ecffort were
consumed in these experiments and
high hopes were raised, but when the
final achievement was considered the
result was found to be unsatisfactory.
The signal did not carry to the ex-
pected distance and, on the whole,
the new oscillators were not found
superior to the old submarine bells.
isappointed and perplexed, yet
confident that his basic idea was
sound, Proi. Fessenden went back
to the factory for wecks of further
investigation. What was the matter?
Why had his oscillator signals car-

ried only three or four miles, when
they should have carried fifteen or
twenty miles? Why? Suddenly the

Island]

I

mouth of the liarbor.
ing well in the laboratory cxprrl-[

the inventor's brain, Ile saw that
the oscillators had been welded fast
inside the steel skin of the battle-
ships and inside of the steel ribs of
the !-lih:l:!.’«\lin"-, \\i!h the result that
they had  been forced ™ to  vibrate
AEAINSL Masses restraining  metal
that were not in the same phase or
].'l‘l’l‘"l oi vibration with themselves;
in other words, the oscillators were
out of tune with these steel plates
and steel ribs, consequently their vi-
brations sufierod a great drag in
passimg through this epposing steel
kin, and were much weakened when
finally they struck the water. The
remedy lav in attaching the oscilla-
tors to steel plates that would vibrate
in unison with them.  Accordingly a
properly tuned steel plate in the form
of a disk was made and attached 1o
the oscillator, this lLeing the steel

the oscillators are ! drumhead already described.

A New Demonstration.

A new demonstration of this modi-
fied oscillator was made n
chusetts Bay toward the end of Janu-
ary, 1014 An old wooden wrecking
tug, the Susie 11, was couipped with
a steam turbine and gencrator for
furnishing enrrent to the new oscilla-
tor, also with a derrick and hoom for
lowering the heavy apparatus into
the sca. A switchboard was set up
on deck and, when everything was
ready and the weather iavorable, the
Suste D, was  moorad  fast to
the Baston lightship  at
Then a power-
ful ocean-going tng, the Neponset,
with Prof. Fessenden and Mro I L.
Perkins, viee president of the com-
pany, and assistants aboard, steamed
out into the occan to see how far
away they could pick up the signals
with their microphone receiving ap-
paratus. It was gfter 12 o'clock
when they started, and the under-
standing was that Mr. Vaux, the
sending operator on the Sugie D,
would keep his osciilator tooting
twice & minute for fve hours. Two
miles out the Neponsct stopped her
engines and the microphones were
lowered into the sea. It was impos-
sible to listen while the tng was mov-
ing because of the slap of the waves
and the interfercnce of forcign noises,
As the boat came to rest, Prof. Fes-
senden slipped on the telephone head
set and listened.

“Tooooooot-toot-toot—"
signal, and again after half a minute,
"'F;)t-foct-tooonooool——"

“Fine!” beamed the inventor. “He's
sending D. W's. 1It's clear as a bell.”

At four miles they stopped again
and and listened, then at six miles,
then at eight, then at sixteen, and
finally at twenty-five -miles. FEach
fime the signals from the Susie D.
were heard distinctly. Every one of

Massa-|

the |

"the party lieard them, there was no
doubt ot 1t.

“At sixteen miles and at twenty-
five nnles,” said Mr. Perkins, relating
the experience, “the signals were =o
| plain that vou could hear them with
the telephene receiver a foot away
from vour ear.”

Suddenly a =squall and snow storm
came up, but the tug pushed on until
thev heard the Peaked Hill bell buoy
| sounding on their starboard, and this
'is thirty-one miles from the Boston
heht<hip. In a whirl of snow flakes
they =topped and listened for the last
time—the five hours was nearly up
and night was coming on—and here
agamm  they caught the submarine
tootings oi the Susie 1), a httle famnt-
er, but quite unmistakable. Thirty-
| oue miles by water wireless!

A Check to Sea Horrors.

Coming to the gencral future of
this invention, its many advantages
imsure its wide adoption on vessels
of all sorts. In fogs and dangers of
the night every ship will sound its
| code lctter two or three times a mun-
ute, thus revealing s identity to
| other ships mles awav. And the lo-
cation and distance of each vessel
will be made known by the auto-
mitic swing of an clectric ncedle
mounted beside the compass—the
greater the swing on a graduated
| dhal, the less the distance. This
| means no more collisions hke that
on the St. Lawrence, when the Em-

ress of Ireland went down. The
smpress of Ireiand would have been
talking that night to the other =hips,
listening to her signals and stecring
accordingly, if they had both carried
water wireless occillators,

As to iceberps, the echo method
insures safetv, since 1t indicates dis-
tance and direction, as already ex-
plained. The Titanic would have
lnown (by an clectric indicator) the
precise direction and distance of that
| tragic iceberg while she was sull
thiree miles from danger. As to the
| perils of shoals and reefs along regu-
arly navigated cousts, it 15 plain that
a line of pscillator stations placed at
| intervals, as hehthouses and  bell
| buovs are placed, and sounding forth
Fwater wirele=s code signals at bnef
mtervals in bad weather or at might
woul create a continuously soundimg
zone ot safety, reaching ten or twen-
tv miles out to and making it
practically impos=sible for wessels to
drive upon the rocks.

Durings iny stay in Boston | wit-
nessed » demonstration of this nn-
portant submarine signaling work on
baoard an  ocean gomg collier, the
Peverenx, a long iron vessel that
| plies down the coast to Noriolk, and
unquestionably  the 1ost  scientific
collicr in cxistefe, being equipped
with three oscillators and used regu-
Lirly for sending and receiving wa-
| ter wircless messages.

I stood m the captiain’s cabin on
| the Irevercux, beside the switch-
board, while Operator Danny Price
sent  wircless  signals  pulsating
| through the depths of Boston harbor
out to the tug Le Baron H. Jenkins
—listening mmles away with icro-
phones overbouard-—and then out mta
the sea bevond., The turn of a hrass
wheel and the throw of a switch con-
| mected hirn with one or the other of
| the oscillators, or with two at a time.
I'rice glanced at his voltmeters and
ammeters, then pressed a Kkey.

“Tooooooono-toot-toot,” answered
one of th: steel diaphragins eighteen
feet below the water line. Up here
on deck it was like a boy's wooden
| whistle, rather low-pitched and mu-
| cically pleazant, but a Swedish sailor
ikmm-n as Charley, who happened to
|
|
!

S0,

dive overboard while the oscillator
was sonnding, declared that it necarly
split his “noodle.” All sounds are
! greatly intensified under water.

| I myseli had the experience of
| both listening and sending. 1 spell-
i e1l water wireless signals 1n dots and
dashes and heard them gop forth, and
'T caught answering messages that
| came wibrating among the islands

came the and shoals and flashing lights of the

| harbor.
| " Darkness was coming on as the old
| barge with her red and black huH
steamed past the spar buoy of Nash's
Rock and came abreast with Boston
Light, and I reflected that all these
| vessels lyving abount us were safer
| than they had ever been from dan-
gers of the sca because of this inven»
| tion.




